Introduction {#sec1-1}
============

The goal of endodontic therapy is the removal of all vital or necrotic tissue, microorganisms, and microbial by-products from the root canal system.[@ref1] Instrumentation of the root canal system should be supported by irrigation, which is capable of removing necrotic debris, as well as microorganisms. Without irrigation, accumulation of this debris causes instruments to become rapidly ineffective. Irrigating solutions are constantly modified and further developed to improve their properties. However, there is currently no unique irrigant that meets all of the requirements for an optimal irrigating solution.[@ref1],[@ref2]

Constant increase in antibiotic resistance and side effects caused by synthetic irrigants shifted the research towards developing herbal alternatives. Several natural extracts have been evaluated for endodontic purpose, with conflicting results.[@ref3],[@ref4]

In the ancient science of Ayurveda, many herbs with potent therapeutic effects including antibacterial, antifungal, analgesic and anti-inflammatory properties have been demonstrated such as *S. aromaticum*,[@ref5] *C. zeylanicum*,[@ref6] *E. globulus*[@ref7] and *M. piperita*.[@ref8] These have been widely used for several medicinal purposes, however their role in endodontics have not been evaluated, to date. Hence, in the present study, these were combined to prepare an indigenous product, to achieve a potential additive or synergistic effect, as an endodontic irrigant.

Hence, the purpose of this study is to assess the *ex vivo* effectiveness of an indigenously prepared herbal extract and compare it with the conventional endodontic irrigants for disinfection of root canals infected with *Enterococcus faecalis*.

Materials and Methods {#sec1-2}
=====================

The in vitro study was done at the Departments of Conservative Dentistry & Endodontics and Department of Microbiology, Mar Baselios Dental College, Kothamangalam, Kerala. The extracted teeth for the study were obtained from the Department of Oral and Maxillofacial Surgery of the same college.

The ingredients of the herbal product used in this study are S. aromaticum, C. zeylanicum, E. globulus and M. *piperita*. The ethanolic extracts of the individual ingredients were obtained (Kancor Flavours and Extracts Limited, Angamaly, Kerala, India) and they were combined in an equal ratio to obtain the final product, EndoPam (PamLabs India Pvt. Ltd., Kerala, India).

A pure culture of the test strain, *E. faecalis* ATCC 29212 (Microbial Type Culture Collection, IMTECH, Chandigarh), was prepared in sterile brain heart infusion (BHI) broth (HiMedia Laboratory Private Limited, Mumbai, India) and adjusted spectrophotometrically (Shimadzu UV 2400 PC, Tokyo, Japan) to an optical density of 560 nm corresponding to match the turbidity of McFarland 0.5 scale (1.5 ×10[@ref8] CFU/mL) and incubated at 37°C for 24 h.

Agar diffusion test {#sec2-1}
-------------------

As a preliminary study of the antimicrobial efficacy of the test irrigants, an Agar diffusion study was conducted. Pre-sterilized Whatman paper discs of 6 mm diameter were soaked in 20 ml of each one of the test solutions. These discs were then placed on Mueller-Hinton agar plates and incubated at 37°C for 24 h. Zones of inhibition were measured across the diameter with a pair of Vernier calipers.

Ex vivo study on extracted teeth {#sec2-2}
--------------------------------

Forty recently extracted human permanent single-rooted, fully formed mandibular premolars without dental caries, root fractures and root resorption were selected for the study. The teeth were cleaned of superficial debris and tissue tags and is stored in normal saline to prevent dehydration. Each tooth was radiographically assessed to confirm the presence of a single patent canal. Using rotary diamond disc teeth was decoronated below the cement-enamel junction and the length is standardized to 12 ± 1 mm. The root canals were then instrumented using the crown-down technique with rotary instrument (ProTaper, Dentsply Maillefer, Ballaigues, Switzerland), and the canals were enlarged to an apical size F3 ProTaper. 2 ml of 3% NaOCl was used between each instrument during the procedure, which is followed by a final rinse with 17% EDTA. All the specimens were sterilized by autoclaving and stored aseptically in 100% humidity at 30°C until use.

A volume of 10 µL of suspension is inoculated into each tooth and incubated in 2 ml BHI medium for 3 weeks, for the establishment of *E. faecalis* biofilm. The medium was replenished every 3 days.

The tooth specimens were then divided into four groups (1-4) of 10 samples each, according to the irrigant used.

Group 1: EndoPam (Ingredients: *S. aromaticum*, *E. globulus*, *C. zeylanicum* and *M. piperita*) (*n* = 10)

Group 2: 5.25% NaOCl (*n* = 10)

Group 3: 2% Chlorhexidine gluconate (CHX) (*n* = 10)

Group 4: Normal Saline (control) (*n* = 10)

The specimens were handled using flamed tweezers, to prevent contamination. Canals in each group were filled with 2 ml of the corresponding irrigant and were allowed to remain for 10 minutes. After that the root canals were rinsed with 5 ml saline for 1 min. Sterile paper points (DentsplyMaillefer, Ballaigues, Switzerland) were left in the wet canal for 1 min and then transferred to tubes containing 5 ml of BHI broth, which were vortexed for 5 min and then incubated at 37°C for 48 h. The samples were then inoculated on Mueller-Hinton agar plates and incubated for 24 h at 37°C for qualitative analysis.

Results {#sec1-3}
=======

In the preliminary Agar diffusion study, chlorhexidine had the maximum zone of inhibition (14 mm) and saline had no zone of inhibition ([Figure 1](#F1){ref-type="fig"}). Endopam exhibited a zone of inhibition comparable to that of sodium hypochrorite. The diameter of the inhibition zone was in the following order: 2% CHX \> EndoPam \> 5.25% NaOCl \> Normal Saline ([Table 1](#T1){ref-type="table"}).
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###### 

Zones of inhibition from the Agar diffusion study.
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The qualitative assay done by culturing the bacteria after a period of 3 weeks showed no bacterial growth ([Figure 2](#F2){ref-type="fig"}) in any of the tested irrigants, except in normal saline, which was the negative control group ([Table 2](#T2){ref-type="table"}).
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###### 

Results of the qualitative assay.
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Discussion {#sec1-4}
==========

Indian traditional medicine was dependent on herbs and herbal products, and recently it has gained importance. The major advantages of herbal alternatives are easily available, inexpensive, less side-effects and lack of microbial resistance.[@ref8]

Several natural extracts with proven antimicrobial efficacy against *E. faecalis* like *Arctium lappa*,[@ref9] triphala, green tea polyphenols,[@ref10] liquorice[@ref11] etc. have been tested as endodontic irrigants, with conflicting results.

In the present study, four potent antimicrobial herbs were used as a combination to be tested as a root canal irrigant. S. aromaticum which is commonly known as clove, is found in the Maluku islands in east Indonesia. This plant is widely used in pharmaceutical, cosmetic, food and agricultural applications since it is rich in pharmacologically active compounds such as eugenol, eugenol acetate and gallic acid.[@ref12]

Compounds such as 1,8-cineole, citronellal, citronellol, citronellyl acetate, p-cymene, eucamalol, limonene, linalool,[@ref13] β- pinene, γ-terpinene, α-terpinol, alloocimene and aromadendrene[@ref14] give eucalyptus extracts their antibacterial activity. Recent studies have shown many potentially beneficial health effects of cinnamon such as anti-inflammatory properties, anti-microbial activity, blood glucose control, reducing cardiovascular disease, boosting cognitive function, and reducing risk of colonic cancer.[@ref15] M. *piperita* extract has been reported to have antioxidant[@ref16] and antimicrobial properties.[@ref17]

*E. faecalis* was chosen as one of the test microorganisms in this experiment due to the following reasons: (i) In endodontically treated teeth, with persistent apical periodontics[@ref18] it is recognized as the associated pathogen (ii) it is resistant to NaOCl[@ref19] (iii) entire width of dentinal tubules can be colonized by it (iv) and it grows rapidly.[@ref20]

The clinical efficacy of sodium hypochlorite (NaOCL) for the irrigation of root canal space in endodontic therapy makes it the gold standard.[@ref13] It has a unique property of dissolving necrotic as well as vital tissues.[@ref14] However, there are some disadvantages such as toxicity,[@ref15] disagreeable smell and taste,[@ref16] and potential for allergic reactions.[@ref17]

CHX has been suggested as an endodontic irrigant with its advantages including antibacterial effects, lower cytotoxicity than NaOCl, existence of substantivity and efficient clinical performance.[@ref18] However, it has disadvantages like tissue irritability and the reactive oxygen species formation.[@ref19]

The antibacterial studies on agar plates are very common tests, but the microbial inhibition zone depends on the test substance's solubility and ability to diffuse through agar, so it may not express its full effective potential.[@ref20] Therefore, the information obtained from agar diffusion studies does not reliably reflect their *in vitro* or *in vivo* antimicrobial activity. So the agar diffusion test was conducted as a preliminary study to assess the efficacy of the indigenous herbal irrigant, EndoPam. As it demonstrated promising results, with an inhibition zone comparable to sodium hypochlorite, the assay was further extended to 3 weeks.

The results of the bacterial culture after biofilm formation on the tooth substrate also showed that the experimental irrigant had antimicrobial efficacy comparable to the convention chemical irrigants. Thus, the present study showed that all the three irrigants tested had higher antibacterial action than the negative control group, i.e. saline. Normal saline was shown to be totally ineffective in eliminating *E. faecalis*.

There are several imitations for this study. The toxicity, allergic potential and tooth discoloration potential of the experimental irrigant was not taken into consideration. The possible interactions between the ingredients of the product also need to be taken into account. Further studies like quantitative real time-PCR and confocal microscopic examination of the biofilms will provide better insight into the herbal irrigant.

Conclusion {#sec1-5}
==========

This was a preliminary study of the antimicrobial efficacy of an indigenously prepared herbal irrigant against *E. faecalis*. The results indicate that, within the limitations of this study, EndoPam has the potential to be used as an herbal alternative in root canal irrigation.
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